In this paper, we demonstrate how Raman spectroscopy can be an effective tool for the elucidation of the properties of liquid phase devices, looking at signal enhancement through to beam profiling. The constant demand for greater device functionality combined with device miniaturisation is driving an ever-expanding search for new optoelectronic materials. Dynamically controllable, self-assembling metastructures based on nanoscale objects represent an intriguing paradigm within this search. Such metastructures can be formed by low-dimensional nanoparticles (carbon nanotubes, graphene, transition metal dichalcogenides (TMDCs), metal nanoparticles etc.) dispersed in a fluidic host material. Liquid crystalline properties can be utilised as the driving force of selfassembly; either by using a commercial nematic liquid crystal host fluid, or, through the solvent-induced self-assembly of particles under suitable conditions. The nanocomposites can be readily integrated on silicon chip by means of microfluidic technology, in a CMOS-compatible back-end process, allowing for dynamic control of the dispersed particles through the application of various on-chip stimuli. However, a significant challenge remains in non-destructive characterisation of the materials insitu.
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Here, liquid crystalline nanocomposites have been synthesised based on twodimensional (2D) materials including graphene oxide (GO) and TMDCs dispersed in either commercially available liquid crystals or various organic solvents. Here, we present our first results on the formation of metastructures using novel liquid crystalline composites and suitable design of chips or cells to allow dynamic application of aligning fields. We consider how effective chip design can facilitate characterising the resultant structures. Scanning electron microscopy (SEM), atomic force microscopy (AFM) and polarised light microscopy have been applied to image the liquid crystalline composites (Fig. 1) . We then show that Raman spectroscopy is a powerful tool for the characterisation of integrated nanocomposites with a high degree of accuracy [1] ; from the broad trends in nanoparticle concentration profiles, to the monitoring of the spatial dynamics of individual nanoparticles in three dimensions simultaneously (Fig. 2) . Other information that can be extracted includes; shapes, sizes and aspect ratios of particles and information about the material quality and defects. We determine how different chip design can facilitate this characterisation. We also consider how controlling the profile of the incident beam can affect the signal. We show that the efficacy of Raman spectroscopy in the liquid phase is not limited to particular materials by then looking at other liquid phase systems such as biological samples.
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